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Adaptive optics (X3D

Overview:

AO CCD rationale and design goals

Fabrication and packaging

Performance

uniformity of response

noise level

noise reduction

Plmed improvements

design improvements

incorporation of new readout structures
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Adaptive optics CCD

Design goals for a high frame rate, low noise CCD detector:

Attribute Quantity

Format

I
32(H) x $4(V) f~~~~ t~~w%x y~:-n ~~nlLAX, VL. Uww

32 Skipper floating gate amplifiers located at the end of each signal  cokunnoutput ports

Pixel size

Read noise I 30~m nominal

1.5 electron ~s noise floor

Frame rate 1,~~ Hz

Quantum 60% rein, 8070 goal at 0.6-0.7 pm: 50% rein, 70% goaI at 0.S ym
~ffi.ci~ncv. !
Maximum signal I 4.000 electrons rnin, 10.000 electrons goaI.

Frame transfer time Transfer time/exposure time: 3% mm, 1% god. (900 dine m~~s 300 J@ine iSod

Dark current I 1 electron/25ms  per pixeI at operating temperature (40 electrons/see per pixeI)

Operating Room temperature goal. Packaging and electronics shouId permit cooling if needed.
temperature

CIocking WIH aIIow column pixel  binning and fast clocking out of columns without readout. Design wiH zdlow for
unidirectionaVbidirectiond  frame transfer

T ‘nifnwnitv I All nixels  shoukl  meet design  zoaIs Iisted above.
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Adaptive optics CCD

Design of 32 x 64 CCD with Skipper amplifiers for each column:

,, ,, ,
,J!!

low bandwidth readouts allow high frame rate

BML 3/6/94
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Adaptive optics CCD

Packaging:

Packaging runfdate Devices packaged Major results

1. March 1993 BIind packaged: floating diffusion basic test electronics and cooIing
ampIifier (FDA) devicess (3) uniformity of output gain

photon transfer
noise * 15e rms uncooled
Fe~~ histogram
charge diffusion effect on unIoaded and
shorted amps

2. September 1993 BIind packaged: FDA devices. Skipper refined test electronics
axnplifier devices (3) noise - Se rms cooJec!

Fe55 histogram

3. March 1994 Probed packaged; Skippers (6) TBD

BML 3/6/94
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Adaptive @iCS CCD

A() CCD image:

BML 3/H./94
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Adaptive optics CCD

Photon transfer and noise floor:

14000

12000

10000

8000

6000

4000

2000

n

ADAPT2 photon transfer cuwe; gain=0.6779uV~e noise=l  9.4 e rms
I 1 I I I 1 1

/

! ! f I I

b.z 0.4 0:6 0:8 1 f .2 14 1.6 1.8
f

Signal (microvoks) )(104
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Adaptive optics CCD

Fe55 Histogram for ADAPT2 chip:—

Background

.
i
i

i\ K aIpha

chip #t 4

Amplifier # 12

Sum over 64 pixeIs

Fixed patt sub.: no

Room temperature

Frames 20000000

PixeIs / sec 62500
Frames / six 633

2*(K alpha)

nxT BML 3/W94



Adaptive optics (3CD

Fe55 Histograms on Skipper chips:

E Single amplifier read

“

Background

EN

A
18

Background

Chip * LI W22 IB

AmpIifk ff 1 9
Sum over 30 pixels
Freed pat sub.:  no

Room temperature

Frwnes  5m
Pkls /  SCC 625(W

1 \
1 1 I 1-, \ I I , , , , ,

S,mk ~,c~fjk 3.7COk 3.750k 3.WOk 3.w)k 3.9xJk 3.950k 40’Mk

>s
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I Adaptive optics CCD

Design improvements:

separate output an@ifiers to reduce charge  diffusion

alternating amplifier outputs top and bottom

Use CUBIC amplifier structure

Thinning, backside illumination, and AR coating to enhance quantum efficiency

BML 3/6/94



Adaptive optics CCD

Design improvements(2):

R CUBIC amplifier structure

(LDD, super notch  elmnnei,  anti FET size optimization)

noise=2e rms for single read

CUBIC amplifier with Skipper
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Adaptive optics CCD

Design improvements(3):

■ Enhanced quantum efficiency:
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Adaptive optics CCD

Summary and future work:

E Designed and fabricated CCD for AO wavefront sensing

8e noise floor measured for single read on Skipper amplifier.-

uses multiple readout channels to achieve high frame rate with low noise.

R AO CCD is baseline wavefront sensor for Mt. Wilson Hooker telescope

read out electronics currently in design

w Design improvements to be incorporated in next fabrication run
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